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I. THE AGE OF METEORITES

by Ye. S. Burkser

Russian Text Pages 3-11.

(Paper given before the expanded plenary meeting of the Committee
on Meteorites, Academy of Sciences, Ukrainian SSR, 7 May 1959.)

The material in meteorites has not undergone such complex changes
in composition and structure as have terrestrial rocks through the geo-
logical history of the earth. Therefore, the determination of the ab-
solute age of meteorites is of great importance in solving the problem
of the age of our planetary system.

The presence of radioactive elements in stone and iron meteorites
opens a path for establishing the absolute age of the material of which
they are made. At the same time it is necessary to remember that the
amount of radioactive elements in the material of meteorites is extreme-
ly small, so that accurate determination of their content presents a
very complicated problem for the investigator.

The first determinations of the absolute age of iron meteorites
were made by F. A. Paneth in 1928-1931 (Ref. 1). Paneth started with
the experimentally proven fact that when heated to temperatures below

10000, iron-nickel meteorites retain their helium content, formed from
the decay of uranium and thorium atoms. By dissolving the metal in min-
eral acids one can separate the helium contained in the material and es-
tablish the quantity contained, as well as the uranium content of the
meteorite. Paneth gave figures on the age of 22 iron meteorites in an
article published in 1930. Their age was found to be within a range of
100-2900 millions of years (Ref. 1).

It is essential to note that the methods which Paneth used for
determining uranium by radon were not sufficiently perfected. In subse-
quent work Paneth considerably improved his methods for determining the
quantity of radon and thoron in meteorites, by which he established the
uranium and thorium content. The amount of radioactive gases was estab-
lished by photoregistration of the alpha particles emitted by them. As
a result of these measurements, Paneth established a significant dis-
crepancy between the new and the old figures on the age of iron meteor-
ites. An article published in 1942 gave a value of 6900 million years
instead of 2900 million years for the Mount Ayliff meteorite.

In 1942 Arrol, Jacobi, and Paneth (Ref. 2) generalized the work
which had been done previously by Paneth and his co-workers on
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determining the helium content in iron meteorites. No important dis-
crepancies in the helium content, as compared with the data of previous
investigations, were found, but the uranium content in iron meteorites

was reduced on the average to 0.7-10-8 g/g and the thorium content was

accepted at 4-10-8 g/g. As shown by the latest investigations, homever,
these values are also exaggerated.

The high values for the ages of a number of meteorites (counting
from the time of solidification) calculated by Paneth on the basis of
their helium content and the average content of uranium and thorium pro-
vided a basis for assuming that the age of our planetary system might be
determined in this way. At the same time, however, Paneth noted that
samples of certain meteorites of different size but belonging to the
same fall contained different amounts of helium with almost identical
uranium and thorium content. The fact that the meteorites were in inter-
planetary space excludes all possibility of migiation of radioactive
elements except leakage of gases; but laboratory investigations of the

behavior of iron meteorites at temperatures up to 1000 have shown a
small loss of helium. Consequently, any significant losses of helium
could take place only when meteorites passed at minimal distances from
the sun.

Paneth considered that, taking all the radioactive elements in
them into account, the error in his determinations of the ages of meteor-
ites did not exceed +1000 million years for the oldest meteorites or 20
percent for the least ancient ones.

It would seem that in view of the conditions of interplanetary
space, one would expect loss of helium particles to be most likely. The
most recent works devoted to the study of cosmic rays, which act contin-
uously on meteorites not protected from them by the earth's envelope,
show the possibility of the production of helium by the destruction
of the nuclei of chemical elements by cosmic rays. A. P. Zhdanov (Ref.
3) has proved the existence of nuclear fragmentation by cosmic rays.

2
They are quite rare at sea level -- 1 cm of thick photographic film in-
dicates 5 - 6 fragmentations per month; but this number is increased 50
times at an altitude of 7000 meters. The photographic films show the
characteristic "stars" which give evidence of nuclear disintegration.

A number of investigators have demonstrated the production of
alpha particles when nuclei are split by cosmic rays. Cosmic rays act-
ing on the glass covers of photographic emulsions cause the formation of

"stars" whose rays are caused by alpha particles. A quantity of 105
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helium atoms can be produced in 1 cm3 of glass in a year under the in-
fluence of cosmic rays. The same process could also take place in stone
meteorites.

In 1947 Bauer published an article devoted to the possible pro-
duction of helium in meteorites under the influence of cosmic rays. If
we compare the logarithms of the masses of meteorites in kilograms and
their helium content in a diagram, then an inverse relationship appears
with a considerable degree of approximation. If a meteorite was broken
into separate parts in its fall, Bauer took the mass of all its parti-
cles to be the mass of the meteorite. Bauer cast doubt on Paneth's
figures on the age of meteorites by his calculations of the rate of pro-
duction of helium in meteorites under the action of cosmic rays.

The discovery of an isotope of helium with an atomic weight of 3

led to the establishment of the presence of a significant He3 content in
iron meteorites when the gases liberated by the meteorites were investi-
gated. Paneth, Reasbeck, and Mayne in 1952 - 1953 (Ref. 5) and Paneth
in 1953 (Ref. 6) reported the results of determinations of helium in
five iron meteorites with very different content of helium isotope with
atomic number 3. The results of their determinations are given in Table
1.

Helium Content
Meteorite 10-6 cm3 /g He3  %

Mount Ayliff 36.8 31.5
Carbo 22.0 28.6
Toluca 18.9 29.7
Bethany Amalia 3.4 27.8
Bethany 0.36 17.8

Table 1.

The formation of He 3 in meteorites is proof that this isotope,

and, probably, part of the He4 isotope is not of radiogenic origin, but
that both isotopes are products of the destruction of chemical elements
contained in the meteorite by cosmic rays. If we take the rate of for-

mation of He 3 to be 5 . 1 0 -14 cm3 /g per year, on the basis of Singer's
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works (Ref. 7), then the accumulation of the quantity of He3 found in
the Toluca, Carbo, and Mount Ayliff meteorites would have required from

108 to 109 years on the assumption that the intensity of the cosmic rays
had remained constant during this time.

In an article which he published in 1953 (Ref. 8), Paneth admit-
ted serious errors in his previous determinations of the uranium and
thorium in iron meteorites and presented new figures: The uranium con-

tent was 0.007"10-6 g/g, thorium 0.004-10- 6 g/g. Thus, the problem of
the age of iron meteorites remained unresolved.

Patterson (Ref. 9) took up the study of the isotopic composition
of the lead contained in stone and iron meteorites. The isotopic compo-
sition of lead separated from continental rock at different ages in the
history of the earth is distinguished by different contents of the iso-

topes Pb20 4 , Pb206 , Pb2 0 7 , and Pb208 . The isotopes Pb20 6 , Pb2 0 7 , and

Pb2o 8 accumulate continuously with time with a constant content of the

non-radiogenic isotope Pb2o4; but any quantities (f these isotopes
could be present in primary non-radiogenic lead. The following ratios
have been used in making a-comparison of the age variations in the iso-
topic &omp~sition of lead:

Pb20' Pb2O7  Pb'08pbs•. pb2" IpbS"

The illustration shows the distribution of lead isotopes with re-

spect to the Pb204 isotope, whose content is taken to be unity. (See
Collected articles Yadernaya geologiya (Nuclear Geology), IL (Publishing
House for Foreign Literature), 1956, page 389.). The experimental sites
quoted were chosen on the basis of determinations of the isotopic compo-
sition of lead separated from lead ores and rock of known geoJogical
age. Determinations which indicated anomalous isotopic composition of
lead are not included. Such samples yield a low age which does not cor-
respond to the geological conditions of formation. Extrapolatiot of the

derived curves leads to a time of zero Pb20 6 content of about 5 billion
years. The lowest values of the ratios

Pb2' '  Pb2O"7 Pb
Pb24 F04' Pb20

are characteristic for lead from the Canyon Diablo and Henbury iron



5

meteorites.

The very low uranium and thorium content in iron meteorites does
not make any noticeable change possible in the time of the derived rela-
tionships in iron meteorites. Therefore, the isotopic composition of
the lead contained in them can be considered primary without any great
error. The age of a meteorite can be calculated, in accordance with the
data from an isotopic analysis of the lead separated from it, by the
following formula:

R-a - Rib eXIT -

RV. - R2b K(e"r-- 1)

Making use of the quoted formula in which

Pb 0 7o pb2oMR,----• ; R F=-!"-,

a and b denote different meteorites, 1 and A 2 are constants of the
radioactive decay of U2 3 5 and U2 3 8 while K = U238 = 137.8. Patterson

U2 3 5

calculated the ages of three stone meteorites, taking the lead from the
Henbury and Canyon Diablo meteorites to be primary. On the basis of the
data presented in Table 2, Patterson determined the average age of the

stone meteorites to be 4.55+0.07-109 years.

20o4 Age,
Isotopic Composition Pb = 1

Pb206  Pb 2 0 7  Pb20 8  Pb207  106Meteorite b24P 0 b24 pb 207 ya
pb20• p20• b20• p206 year•

Nuevo Laredo 50.28 34.86 67.97 O.60 4600
Forest City 19.27 15.95 39.05 0.57 4500
Modoc 19.48 15.76 38.21 0.554 4400
Henbury 9.55 10.38 29.54
Canyon Diablo 9.46 lO.334 29.44

Table 2.

An attempt to apply the lead method for determining the age of
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reteorites was made in a work by M. M. Shats (Ref. 10). M. M. Shats de-
termined the uranium and lead content in several stone meteorites. The
age of these meteorites was calculated by the lead-lead method and does
not depend on data on chemical determination of uranium. The results of
these determinations are presented in Table 3; they give the uranium

content in stone meteorites as being on the order of 10-7 g/g.

Uranium Content, Pb/Pb Age,
Meteorite -710 g/g l09 years

Saratov 4.0+0.5 4.5
Kunashak 5.3;0.8 4.4
Yelenovka 4.8-T.5 4.5
Norton County 5.7+0.5 3.9

Table 3.

Ebert, Koenig, and Waehnke (Ref. 11) used a method of neutron
irradiation to split uranium atoms with subsequent determination of the
product of splitting--xenon, with an atomic weight of 133, in order to
determine the uranium in stone meteorites. This isotope accumulates in
the amount of 6.5 percent in fission products of uranium 235 nuclei.
This method permits determination of small quantities (on the order of

l0-9 g) of uranium. The authors studied three chondrites -- the Pultusk,
Breitscheid, and Akaba stones.

These same meteorites, except the Pultusk stone, were studied by
Herneyger and Waenke (Ref. 12), who also irradiated the meteorites with
neutron fluxes for 14 days. They made use of the barium isotope with an
atomic weight of 140 of the products obtained from splitting uranium
nuclei. The results they obtained in respect to the uranium content in

the meteorites (in units of 10-8 g/g) are presented in Table 4.

The helium content of the Akaba, Beddgelert, and Breitscheid me-
teorites was determined, and their ages were calculated on the assump-
tion that the thorium content was three times as great as the uranium
content.

The ages of these meteorites lay within a range of 3.6 to 3.8.109
years, but the assumption that the helium is of radiogenic origin is



8

wholly unfounded. An additional assumption was made that the ratio

Th - 3, which has not been confirmed by other investigators
U

Methods
Meteorite Xenon Barium Luminescence

Pultusk 1.2
Akaba 0.8 0.9 0.8
Beddgelert 2.8
Breitscheid 1.2 1.5

Table 4.

The thorium content in stone meteorites (chondrites) was deter-
mined by Bate, Huinzeng, and Potratz (Ref. 13) in 1957 by a neutron ac-
tivation method with an accuracy i'f up to +10 percent. The data from
these determinations are presented in Table 5.

Meteorites Thorium, 10-8 g/g Uranium, 1O-8g/g

Forest City 4.7 1.0
Beardsley 4.3 1.0
Holbrook 9.0 1.3
Modoc 4.5 1.1
Nuevo Laredo 54.0 13.0

Table 5.

Several investigators have applied the argon method for determin-
ing the absolute age of stone meteorites. Data on determinations of age
by the argon method are given in Table 6.

The ages of the meteorites found by Gerling and Pavlova in 1951
were underestimated as the result of overestimation of their potassium
content.

With a ratio of = 0.125, the data from the argon method es-

tablish the ages of stone meteorites within a range of 0.64 to 4.5.109
years. If we make use of the following constants accepted by the Com-
mission on the Determination of the Absolute Age of Geological
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Formations in 1959 for the process of radioactive transmutation of po-

tassium: the content of the isotope K4o = 0.0122 percent, A = 5.57"K

.10 ,1  = 4.72-10 1 then recalculate the ages of the Krymka, Yel-

enovka, and Zvonkovoye meteorites, we obtain the results given in Table
7.

The data presented here imply that the maximum age of stone me-
teorites, as determined by the argon method, is 4.5 billion years; but
the age is considerably less in some cases. Changes in the thermodynam-
ic conditions which caused recrystallization of the meteoritic substance
may be the cause of this phenomenon. The age of the Migeya meteorite,
which contains volatile organic compounds (a feature which proves the
absence of overheating during its life), is 4.3 billion years.

Table 6.

Age, l09 Type of Data of Published
Meteorite Years Meteorite Source, Investi-

gator

Kashin 3.00 Chondrite 1951 (Ref. 14),
E.K. Gerling and
K.G. Pavlova

Zhovtnevyy Khutor 3.00 it it "I

Pervomayskiy Poselok,
black variety 1.8 i 1956 (Ref. 15),

E.K. Gerling and
L.K. Levskiy

Pervomayskiy Poselok,
gray variety 0.64 " "
Padvarninkyay 1.00 Achondrite if
Kunashak, gray variety 0.70 Chondrite it

Staroye Pes'yanoye 4.2 Achondrite it
Okhansk 4.5 Chondrite " "
Yelenovka 4.o it
Saratov 3.8 " " "
Bjurboele 3.6 " " "
Yelenovka 4.19 1958 (Ref.16), Ye.

S. Burkser, B.B.
Zaykos, F.I. Kot-
lovskaya

Krymka 3.84 I t,
Zvonkovoye 4.04 it "

Beardsley 4.28 1955 (Ref. 17),
Wasserburg and

_ _Heyden
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Table 6. (Continued)

Meteorite Age, 109 Type of Data of Published
Years Meteorite Source, Investi-

gator

Holbrook 4.20 1955 (Ref. 17),
Wasserburg and
Heyden

Forest City 4.12 1955 (Ref. 18),
Reynolds and
Lipson

Brenham 3.0 1955 (Ref. 19),
Thompson and Mayne

Akaba 3.8 " i

Monze 2.0

Schumacher (Ref. 20) applied the rubidium-strontium method for

determining the age of stone meteorites. The Forest City chondrite was

studied. It was found that the Sr87 content was 10 percent higher than
is normally found for strontium of non-radiogenic origin. If we accept

that age of the meteorite to be equal to 4.5-109, then we obtain good
agreement with the new constant for rubidium; its corresponding half-

life is 5-1010 years.

Meteorite Age, 109 Years

Krymka 4.07
Yelenovka 4.40
Zvonkovoye 4.27

Table 7.

On the basis of data obtained from applying the lead/lead, argon,
and rubidium-strontium methods, a maximum age of 4.5 billion years has
been established for stone meteorites, which considerably exceeds the

age of the minerals of the earth's crust which have been studied up to
the present time.

The question of the age of iron meteorites is less clear. Their

exceedingly low uranium and thorium content, the lack of data on the
isotopic composition of primary lead, and also the process of splitting
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of nuclei of such meteorites by cosmic rays, hamper.the application of

radiometric methods for determining their ages.

Stoenner and Zahringer (Ref. 21) have undertaken to attempt to

apply the argon method to determining the absolute age of iron meteor-

ites. An activation method was used for quantitative determination of
the argon and potassium contents of iron meteorites. A neutron flux

caused by the formation of radioactive isotpes of argon and potassium by

the Ar 40(n, Y) Ar41 and K41(n, Y) K2 reactions. The quantity of radio-

active isotopes was determined radiometrically. In addition, the He 3

content was determined.

On the strength of experiments deeigned to determine the content
of potassium and radiogenic argon in the Canyon Diablo and Toluca iron
meteorites, the authors calculated the age to be within a range of 5.3

to 13-109 yirs. The negligible argon and potassium contents and the
wide dispei-ion in the data obtained do not permit one to agree with the

the age found here on the order of 10 to 13"109 years for the Canyon
Diablo meteorite. The problem of the age of iron meteorites cannot be
considered as solved at present.

It would be desirable to set up experiments to determine the age
of iron meteorites by the rubidium-strontium and rhenium-osmium methods
if the amounts of these elements in the mass of a meteorite turn out to
be accessible for a sufficiently accurate quantitative determination,
including establishment of the isotopic composition of strontium and
osmium. Due to their insignificant concentration, the ratio of these
elements could not be changed under the action of cosmic rays (due to
their formation from heavier elements or due to destruction).

The determinations of the ages of stone meteorites by the differ-
ent methods which have been presented here yield a maximum value of 4.5
billion years, corresponding to the beginning of the process of the
accumulation of products of radiogenic decay in them. This process
could take place prior to the formation of meteorite bodies with any
significant mass. The processes of accumulation of radiogenic lead and
strontium could take place in dust-like material.

Argon could be accumulated and retained without loss with parti-
cle sizes on the order of 0.05 - 0.1 mm. Losses of argon should have
stopped after agglomeration of the dust-like material. A large number
of most reliable data on the age of stone meteorites obtained by the
argon method lie within the range of 4 to 4.4 billion years. Thus, the
argon method gives some idea of the age of accumulation of particles
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while the lead and the rubidium-strontium methods give some idea of the
age of the substance.

If we consider that the age of uranium nuclei (not exceeding a

2 : 1 ratio of the U238 and U235 contents at the outset) is 5 billion
years, then the formation of accumulations of dust-like materials in our
planetary system must have taken place about 4 to 5 billion years ago.
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II. SONE PROBLEMS OF THE CHD4ISTRY OF METEORITES

by A. A. Yavnel'

Russian Text Pages 12-25.

(Paper given before the Expanded Plenary Meeting of the Committee
on Meteorites of the Academy of Sciences, Ukrainian SSR, 8 May 1959.)

Chemical investigations of meteorites constitute an important
branch of meteoritics, which has the objective of solving the problems
of the origin and evolution of meteorites. These investigations have
provided material for clarification of the following processes which
take place in meteoritic material at all stages of its history:

1) the formation and evolution of meteors (meteorite-forming
bodies) in interplanetary space;

2) the movements of meteors (meteoric bodies) in the terres-
trial atmosphere;

3) collisions of meteors with the surface of the earth; and
4) changes in meteoritic material under terrestrial condi-

tions.

In this article we shall present a general outline of the basic
data on the chemistry of meteorites which are of importance to meteori-
tics without touching upon their applications to cosmogeny, geochemis-
try, physics, and other sciences.

I

The majority of the chemical studies of meteoritic material have
been directed toward the solution of the basic problem of meteoritics--
the problem of the origin of meteorites. These investigations are asso-
ciated most closely with the determination of the following characteris-
tics of meteoritic material.

The Average Chemical Composition of Meteoritic Material

The determination of the average chemical composition of meteor-
itic material is important for clarification of certain general proces-
ses which take place in the early stages of their formation.

Calculating the average composition of meteoritic material is
made difficult by the following factors:

a) the possibility of lack of correspondence between the
composition of meteorites which have reached the surface of the earth
and the composition of meteoric material in interplanetary space due to
selection of meteoritic material during its passage through the earth's
atmosphere; and
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b) the well-known indeterminateness of the quantity of the
components of meteoritic material--the silicate and metallic phases, and
the accessory minerals, of which the most abundant is troilite.

At present we can only assume the existence of exceedingly fri-
able meteor bodies, possibly of special composition, which are complete-
ly destroyed in the earth's atmosphere. As Baker has recently demon-
strated theoretically (Ref. 1), only an insignificant portion of such
bodies, by reason of particularly favorable conditions of motion (glanc-
ing trajectory, certain relationships between the magnitude of geocen-
tric velocity and the minimum distance of initial trajectory from the
earth) can ever become earth satellites within a given period and then,
after gradual deceleration in the atmosphere, fall on its surface.

However, we do not have any data at all on the composition and
the numbers of these hypothetical bodies; therefore, in determining the
average composition of meteoritic material, we usually start with the
average composition of meteorites which have fallen on the earth's sur-
face which is apparently an admissible approximation.

Determination of the relative number of phases in meteoritic ma-
terial presents greater difficulty. Investigators have essentially tak-
en three courses for the solution of this problem. Some scientists
(Noddack (Ref. 2) and Brown (Ref. 3))have obtained these data from the
ratio of the masses of the earth's core and mantle, assuming that the
total composition of the earth is the average composition of meteoritic
material. According to their calculations, the weight of the metallic
phase of meteoritic material accounts for about 2/3 of the weight of the
silicate phase.

Another way has been to determine the relationship of phases by
the relative weight of meteorites of different classes: stone, iron-
stone, and iron. It is obvious that only data on meteorites collected
after observed falls are suitable for this purpose. Such investigations
have been made by Borgstrom (Ref. 4), P. N. Chirvinskiy (Refs. 5, 6),
then by B. Yu. Levin, S. V. Kozlovskaya, and A. G. Starkova (Ref. 7).
The authors of the work (Ref. 7) made the most painstaking approach to
the problem of the statistics of meteorites and restricted the upper
limit of the mass of the meteorites they examined to a value of 150 kg,
on the basis of general considerations.

We obtained similar results by studying the distribution of all
iron meteorites on the basis of their composition (nickel content). All
iron meteorites were divided for this purpose into six weight classes:
up to l, 10, 100, 1,000, 10,000, and 100,000 kg respectively. Then the
weight distribution of meteorites by composition was found for each
weight class. In view of the fact that deviations of the obtained
values from the true distribution are of a random nature, their average
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value should be the most accurate. On the other hand, it is obvious
that the greatest deviation should be observed for the first classes (on
account of the small number of meteorites) and for the last (Ir view of
the influence of single large meteorites on the result), while optimal
conditions should prevail for the average classes in which the results
should be closest to the true result, that is, to the average in our
case. When the average distribution we obtained was compared with the
distribution of meteorites of each class, it was found that it practi-
cally coincided with the data for meteorites with weight up to 100 kg;
that is, it was necessary to restrict ourselves to meteorites up to this
weight for statistical purposes.

Thus, our data confirm quite well the value for the upper limit
of the mass of examined meteorites obtained by B. Yu. Levin and others:
this implies the correctness of their results with respect to the rela-
tionship between the total masses of meteorites of different classes
(close to the data of Borgstrom (Ref. 4) and P. N. Chirvinskiy (Ref. 5)).
Our recalculation of these results indicated that the metallic phase of
meteoritic material accounts for 32 percent of the silicate phase: that
is, about half the amount obtained previously by Noddack and Brown.

It is essential to bear in mind that this result reflects the re-
lationship of masses of meteorites collected on the site of their fall,
not that of meteorites in interplanetary space. When moving through the
earth's atmosphere, the less durable stone meteorites apparently should
be subjected to greater destruction than iron ones. Moreover, it is
less likely that stone meteorites will be collected on the site of their
fall than iron meteorites, because they are not so noticeable on the
earth's surface. All this compels one to draw the conclusion that the
ratio of the metallic and the silicate phases obtained on the basis of
data on meteorite falls represents an upper limit. This also implies
that the large figures obtained by Noddack and Brown are exaggerated.

In a later article Noddack (Ref. 8), then Urey (Ref. 9), suggest-
ed taking the average composition of chondrites, the most abundant type
of stone meteorite, as the average composition of meteoritic material.
According to the latest data obtained by the author and M. I. D'yakonova
(Ref. 10), the metallic phase of chondrites amounts to only 15.5 percent
of the silicate phase. In the meantime, when calculating the average
composition of meteorites, it is necessary, of course, to take the pre-
sence of iron and iron-stone meteorites into account, which should in-
crease the relative amount of the metallic phase. Thus, the ratio of
phases obtained on the basis of the composition of chondrites can be re-
garded as a lower limit. This implies that the true proportion of the
metallic phase in the silicate phase should be between 32 and 15.5 per-
cent.

Some investigators believe that this ratio should be closer to
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the chondrites. For example, A. Ye. Fersman (Ref. 11) and Goldschmidt
(Ref. 12) believed that this value is equal to 20 percent; according to
the data of B. Yu. Levin and others (Ref. 7), it should be 17.5 percent.

Data on the relationship of the phases (also troilite) are pre-
sented in the Table for clarity.

Chondrite Falls Aver age
Phase (Ref. 10) (Ref. 7) (Ref. 11) (Ref. 12) (Ref. 7)

Silicate 100 100 100 i100 100
Metal 15.5 32 20 20 17.5
Troilite 7.7 7 4 10 7.8

It is possible to make use of the extreme limits of the table to
evaluate the error permitted in the calculation of the average composi-
tion. It turns out that for the majority of elements the difference be-
tween the upper and the lower limits has very little effect on the re-
sult. The greatest divergence can be seen in elements not included in
the silicate phase: Ni, Co, Cu, Ag, Au, and the platinum metals. In
this case, however, the ratio of the extreme figures does not exceed 1.7
and if we bear in mind that we are accepting an intermediate value, then
the possible error is not large in this case.

Thus, in spite of the well-known indeterminateness of the ratio of
phases in meteoritic material, one can speak quite confidently of its
average composition. The work done in recent years on the determination
of many elements in meteorites has permitted improvement of the original
data for calculating the average composition of meteoritic material.
Such calculations were made recently by B. Yu. Levin, S. V. Kozlovskaya,
and A. G. Starkova (Ref. 7).

Considering the matter from the standpoint of the formation of
meteoritic material, it is interesting to compare its average composi-
tion with the composition of the sun, even though only the solar atmos-
phere is accessible to us for study. This comparison was made recently
by V. V. Cherdyntsev (Ref. 13) who showed that the volatil.e elements
have been lost in meteorites--hydrogen, carbon, nitrogen, and the inert
gases. The content of the latter is 5 to 6 orders lower than the basic
curve of abundance of the elements as a function of the atomic weight.
This difference isexplained, apparently, by the losses of such elements
during the formation of these bodies. At the same time, it must be
noted that the inert gases in meteorites are essentially of secondary
origin as the result of radioactive processes and nuclear reactions un-
der the action of cosmic rays. Only in rare cases do we observe an
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anomalously high content of He, Ne, and A; for example, in the Staroye
Pes'yanoye white calcium enstatite achondrite (borite); E. K. Gerling
and L. ,K. Levskiy (Ref. 14), studied this meteorite, explain a consider-
able portion of these elements on the basis of primary derivation.

One's attention is attracted toward the general increase in the
relative abundance of heavy elements in meteoritic material as compared
with the sun's atmosphere. In particular, the relative abundance of the
elements of the V and VI poeriods of the periodic table is 1 - 1.5 orders
higher than the abundance of elements of the III and IV periods. At the
same time, the relative enrichment with the heavy elements does not de-
pend on their chemical properties.

In view of the fact that the abundance of elements in meteorites
is closer to the theoretical curve of abundance for isotopes than is
that of the solar atmosphere, one may well consider it possible that
meteoric content in respect to the light elements likewise more closely
approximates the original content than does the solar atmosphere. V. V.
Cherdyntsev (Ref. 13) concludes from this that the solar atmosphere was
more likely enriched with light elements as the result of gravitational
differentiation of the material in the sun. Thus, the difference in
the composition of meteorites and the solar atmosphere is apparently
explained by this reasoning, not by losses of light elements in the me-
teoritic material.

Such are the significant conclusions which may at the present
time be arrived at from an examination of the average composition of
meteoric material.

Patterns in the Chemical Composition of Meteoritic Material

Generalization of many years of investigation of the chemical
composition of meteorites of different classes and subclasses make it
possible to note some general patterns in the composition of meteoritic
material which are important in genetic respects. At the same time, in
spite of a general similarity in meteorites of a given subclass, one can
discover certain differences among them.

Thus, as early as 1916, Prior (Ref. 15) established a connection
in chondrites between the ratio of the silicate and metallic phases and
their composition--the FeO content in the silicate and the Ni in the
metal.

Urey and Craig (Ref. 16) discovered lately that chondrites can be
divided by their total iron content into two clear-cut groups (not
counting carbonaceous ones). On the basis of this fact they suggested
that the meteorites were formed out of two asteroids of different com-
position.


